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Regulatory elenieut 



1 IKLD or THK IW EX riUN 

The jMesent iiu'ention relates to constructs comprising a no\'el 
re^i^ulatorv element deru'ed from a prostate specific gene. The present 
in\-ention also i-elates to diagnostic anri tlierajjeutic methods in\'ol\ang the 

us(^ oi these constriu;ts. 

BACKGROUND OF THE INVENTION 

The isolation and characterisation of DNA regions which control tissue 
specific and/or hormonallv-regulated gene expression has heen an important 
to the understanding of the developmental processes by which expression of 
particular genes is limited to specific cell types. Promoter regions are found 
immediately upstream and often overlapping tlie start site(s) ot transcription 
and are critical for initiation and basal levels of transcription. Enhancers are 
regulatory regions which may lie some distance from the transcription start 
site, either upstream or downstream of a gene or within introns and which 
often coiilej high level tissue specific or hormonallv-regulated expression: in 
some cases their action is specific to particular promoters. 'Y\\g function of 
both promoters and enhancers is mediated by specific proteins, transcription 
factors, that bind to specific DNA sequences. Alone or in combination witli 
other transcription factors they recruit the core transcription machinery 
including RNA polymerase to the transcription initiation site and act to 
stimulate their activity. Isolated promoters and enhancer sequences can be 
used, in gene therapy for example, to direct expression of other genes in a 
cell or tissue specific manner and also provide targets for the development of 
agents that can specifically modulate gene expression. 

The pi tJinoters and regulatory regions of a number of genes that are 
expressed m tlu- i}i()state ha\'e b(?en studied eithf^i' using transfection 
techniquHs oi b\- trdlrnving gene expM(*ssion in transgenic mice. We have 
{ueviously compared the cell-type spc;cificity of uxpression directed by 
promoters of the prostate-expresscid genes, probasin (Pb] and relaxin genes 
and the promoter and enhancer of the {prostate specific antigen (PSA) gene 
(1). Most of the genes identified as jjrostate-sjjecif ic are androgen-inducible 
and this asp(M;t of their function has bfMMi studied in some detail. Tluis th(^ 
iniportancf? of androgen ](^s{)onse ehuufuits for induced expression and/or 
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hindin.y ol .iiKlioucn i (;(;(;i)toi- lia\e been (.liara( tn] isfd in tin; FSA 12. :]}. 
liuiiiaii ulaiuiular kallikniin (KJ.Kl^J (4). rat prostatic steroid bindiiit! proteins 
(I'SBP) (5. (3j. probdsin Pb (7. 8) and prostatic acid phosphatase genes ([)} and 
in iegulat(jr\ fdenitMits in tlie introns ol the rat PSBPC3(]J gene (10) and tlie 
rat 20-KDa androgen regulated jjiotein (llj. 

Among the core promoter regions analysed onlv that of the probasin 
gene confers substantial prostate specificity oi exj^ression (1, 15). I'JIenients 
involved in conferring prostate-specificitv of expression per se. as distiiu;t 
Ironi androgen responsiveness, have not been well characterised, though 
tissue-specific factors ijinding to regions of tlu' PSBP C3 gene pronujter and 
1st introii ha\e been identified (9, 12). The gene for rat PSBP Cf3) with 4 kb 
upstream and 2 kb downstream flanking sequences is expressed tissue- 
specihcallv and with appropriate hormonal control in tran.sgenic mice (13). 
■Phe use of a 5klj upstream region from the rat PSBP C3fl) gene to express the 
SV4(} T-antigeii could elicit prostate tumours, but expression was not highly 
restricted and other abnormalities were common (14). Studies with 
transgenic mice have established that regions of the probasin and PSBP C(3) 
genes can confer prostate specificity. 

The PSA and probasin regulatorv regions are the two most studied 
20 among pi ostate-exprossed genes. It has been established that a 430 bp region 
ui)stream of the rat probasin gene is able to confer prostate specificity of 
expression on i ejjorter genes in transfection experiments (1) and in 
transgenic animals (15, 16]-. when used to target expression of the SV40 T- 
antigen. prostate tumours develop specifically (17. 18). This expression is 
25 not totally siK'cific but sjjecificity is significantly improved by the inclusion 
of NMR (matrix attachment regions] from the chick lysozyme gene (15). The 
430 bp promoter region is strongly responsive to androgen induction and 
androgen ies]ionse elements which bind the androgen receptor (AR) ha\e 
been characterised (4. 6. 7. 16). 

'I'he PSA upstream region (to -630 bj)) also acts as a strongly androgen 
n\siJonsi\'e promoter and androgen response elements have also been 
characterised (2. 3). However, this region is not sufficient to direct c(dl tvpe 
specific ex])ressif)n in culture (1) or tissue specific expression in tran,sg(uiic 
mice (19). I 'se ot the 630 bp human PSA promoter region to express an 
activated Ha-ras oncogene in transgenic mice led to the development of 
salivarv gland and not prostate tumours (19). Pang et al. have reported that 
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the equivalent promoter region isolated ironi a prostate cancer {)atient 
contained 7 mutations compared to the published sequence and was highlv 
active in the })rostate cancer cell line LNCaP (20. 21). More recentlv. an 
enhancer region has been identified in the region 4 to 5kb upstream of tlie 
transcription start site of the PSA gene (20. 21). This PSA enhancer has been 
shown to act as an androgen-inducible enhancer and in combination with the 
PSA promoter to display signifif:ant cell-type sj)ecificity ( 1. 20, 21), 

Prostate-Specific Membrane Antigen 

Prostate specific membrane antigen (PSNL^) is one of the few prostate- 
specific proteins identified whose expression is not induced by androgens. 

WRS first identified as the antigen bound to by the monoclonal 
antibody 7Ell-C5f251. The antibody was raised against a membrane fraction 
of the |)rostate cancer cell line LNCaP and was shown to bind specifically to 
normal prostate tissue as well as primary and metastatic prostate cancer 
tissue. This antibody w^as later found to bind to an internal epitope of this 
membrane-bound protein (26, 2 7). Subsequently, other monoclonal 
antibodies targeted to the extracellular domain of the protein have been 
isolated (28, 29). 

The cDNA encoding PSMA has been cloned and its sequence 
determined (30). PSMA is a Type II integral membrane protein and is 
associated with the plasma membrane of expressing cells such as LNCJaP 

(30) . A splice variant of PSMA (Psnr) that lacks the membrane anchor 
domain and has been shown to be cytoplasmically located has also been 
identified (31) The ratio of PSMA to Psm' has been reported to be increased 
in prostate cancer as compared with normal prostate or benign hyperplasia 

(31) . PSNLA. has been shown to possess two related enzymatic activities, it 
acts as a carboxypeptidase (folate hydrolase) on poly y-glutamated folates (32) 
and as a peptidase on the acidic neuropeptide N-acctylaspartvl glutaniate 
(33). This latter activity is consistent with the expression of PSMA or n 
itilciltjd pioteiii in the bi'ain. 

llie specificity of PSMA expression has been studied at l)otli the 
protein and RNA level. In addition to its major site of expression in the 
prostate inimunohistochemical studies have identified PSMA expression in 
the duodenum l)rush border/small intestine, in a subset of proximal tubules 
in th(^ kidnev and in rare cells in the colon (34. 35). All other normal issues 
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studies have been neyativ.; for expiessKJn, except lor striated muscle udiich 
slams u-ith the "Kll-Cs antibodv. but not with antibodies to the (external 
tlomain of PS.\L-\ (28). 

Both the 7E11-C5 and external domain antibodies have been found to 
react with tumour vascidature of a wide range of human tumour tvpes (28. 
30J. indicating specific induction of PSMA expression. PSM.\ expression has 
not been identified in any normal \ asculatuic, 

RXA expression has been found to largely parallel the protein 
expression data. RNAse protection analysis identified PSMA niRNA m the 
prostate, salivarv gland and brain and sometimes in the small intestine (37j 
The identification of 1>SMA KNA in the brain is consistent with the cloning 
of a clos(dv related cDXA from rat brain (33J. Immunohistochemical aiialvses 
have failed. howev<;r. to identifv antmonicallv reactive PSMA in human brain 
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I^SMA expression has been shown to be down regulated m the 
presence of androgens and expression is generally elevated in late stage 
prostate cancer and m patients undergoing androgen deprivation or ablation 
therapies (37. 38). Expression of PSXLA has also been found to be regulated 
by a number of growth factors; bPGF. TGF-a and EGF upregulate expression 
while TNF-a decieases it (39). 

The restricted high level expression of PSMA in prostate cells and the 
induction of its expression in the vasculaluro of a wide range of tumours 
make it ideal for the targeting of jnostate and other tumour tvpes. Genomic 
clones encompassing the PSM/\ gene have been isolated and its sequence 
and exon/intron structure determined (40j. Regulatory regions controlling its 
expression may find use in gene therapeutic cancer treatments, enabling the 
restricted or high level expression in the target cell tvpes. Such regulatory 
regions also provide a target for the development of agents that mav interfere 
with gene expression in the target cell tyjjes. 



SUMMARY OF I Hi: IN\ KNTIOX 

l^hv present iiuenturs lui\e itleiitified a lunel regiilator\' eleiiieuit in the 
PSMA ^ene. T\w rt.^niiltory elenitMit is an enhancer located in axon 3 of the 
PSMA gene. This is the first re})ort. to the apphcant s knowledge, of an 
enhanccM- deru'ed from an androgen-independent. prostate specific gene. 

When nsed herein, the PSMA gene refers to the PSMA genomic 
S(H]uenc(^ (h^scrihed m CJKeefe ot al. 1998 (40). thf^ entire contents of whicli 
are inc:oi porated herein bv reference. 

Accordingly, in a first aspect the present im^ention pro\'ides a 
recombinant DNA molecule comprising a sequence encoding an RNA 
transcript or polypeptide other than the prostate specific membrane antigen 
[PSaLA) transcript or polypeptide and at least one regulatory element derived 
from intron 3 of the PSMA gene. 

In a piieferred embodiment, the recombinant DNA moiccule further 
comprises a promoter. Preferably, the promoter is is located upstream from 
and is operably linked to the sequence encoding the polypeptide. 

In a second aspect, the present invention pro\qdes a recombinant 
expression cassette cnn^prising a rcgulatorv clement derived from intron 3 of 
the PSMA gene, a promoter, and an insertion site into which a coding 
sequence can be inserted, the insertion site being adjacent to and 
downstream of the j^roinoter. 

The regulatory element(s) may be located in either orientation 
anywhere within the recombinant DNA molecule or expression cassette of 
the present invention. For example, the regulatory element may be located 
downstream of the coding sequence (eg. downstream of the 3' termination or 
polvadenvlation signals) or within an intron located in the coding sequence. 
In a preferred embodiment, the regulatory element is located adjacent to the 
promoter. More prefeiably. the regultory element is upstream of the 
promoter 

VVilhin the context of the present invention, it is pref(;rred that the 
rcgulatorv' region is cin enhancer (dement Preferabl\\ the enhancer element 
includes intron 3 of the PS\LA gene. More jireferably. the enhancer element 
is dtnived from intron 3 between nucleotid(?s 14.045 aiul 16.575 of the PSMA 

g(Ml(?. 

In a pi-eferred fMnbo(iimfMit. thf^ (UihancfU' ehnnent comprises the 
secjucmce from (i) nuclecjtides 14.045 to 15.804, (ii) nucleotides 14.760 to 
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15.804 or (hi) nucleotides 14.760 to 1(3.575 oi the PS.\L-\ tteiK?. More 
liiMlnnihlv. th- eiiiiancor element coinjniscs the sequence from nucleotides 
14.045 to 1(3.575 of the FS\L\ gene. 

In a l u) ther preferred embodiment the recombinant DXA molecule or 
expression cassette of the present invention comprises two or more 
regulatorv elements derived from intron 3 of the PS\L'\ gene. In one 
jireferred embodiment, the recombinant DNA molecule or e.xpressron 
cassette comprises a dnner of a regulatorv element derived from intron 3 of 
the PSXIA gene. 

It will be appreciated by those skilled m the art that any suitable 
jnomoter may be used in the conte.xt of the present invention. Preferred 
pr(;moteis include. l:uit are not limited to. herpes virus thymidine kinase 
Cl'K). and Rous sarcoma virus (RSV) promoters, promoters active in the 
prostate, such as probasin. PSMA. and PSA. or promoters active m vascular 
15 endothelium. 

In a preferred embodiment, the the recombinant DNA molecule and 
expression cassette of the present invention further comprise a 
polyadenylation signal located downstream from and operably linked to the 
the sequence encoding the polypeptide, or downstream from the insertion 
20 site. Preferablv. the polyadenylation signal is the SV4U polyadenylation 

signal or the bovine growth hormone polyadenylation signal as described in 
I 'S 5121^458. the entire contents of which are incorporated herein by 
roieience. 

In a third aspect, the present invention provides a vector comprising a 
25 recombinant DNA molecule of the first aspect or an expression cassette of the 
second aspect. 

In one preferred embodiment the vector comprises a gene encoding a 
selectable marker. The vector may further include an origin of replication. 

It is presently preferred that llie vector is human adenovirus Tvpo 5 or 
:•(() o\'ine adenovirus. 

In a lourth aspect the jnesent invention provides methods of treatment 
ol cancer involving gene therajjy using the constructs of the present 
invention. Although a range of cancer tvpes may be Ireated with the 
constructs of the present invention, it is jneierred that the cancer is selected 
35 from prostate, bladder or breast cancer. 



As will be apprecidlecl bv ihuse skilled in the liekl. tlu^ present 
iiuenticjii pi()\ uies novel let^nlatui v elements Injin a gene (expressed 
speeifically in prostate, which are active both in the presence and absence of 
androgens, d^hese regulatory elements may therefore be used for high level 
gene exju'ession in prostate cells. Combinations of one or more of the 
regulatory elements with the probasin and PSA promoters are exanij)les of 
constructs that ]iro\'ide for higii hn-fd exju^essioii with strong j.uostatr^ 
si:)ecificit\'. 

The regulatory elements of the present invention may also be useful 
for directing expression in a limited range of other cell types, including 
tumour neovasculature and kidney cells. 

I he regulatory elements of the present invention may be used to target 
specific expression of genes to prostate cells or tumour neovasculature or 
kidney cells m gene therapy. 

Idle regulatory elements of the present invention may also be used to 
target specific expression of genes in the development of transgenic animal 
models of prostate disease. 

The regulatory elements of the present invention inav also be used in 
assays to identify reagents that interfere with j^rostate geiu^ expression, or to 
identifv proteins and other factors involved in regulation of prostate gene 
expression. 

Throughout this specification, the word "comprise", or variations such 
as •'comprises" or "comprising", wdll be understood to imply the inclusion of a 
stated element, integer or step, or group of elements, integers or steps, but 
not the exclusion of any other element, integer or step, or group of elements, 
mtegers or steps 

BRIFF DFSCRIPTION OF THE FIGURES 

Figure 1 {)PSMeiitrap Vector. K(^v huitures of the vectoi^ nrn showir thn 
nmlticioning sitp (MCSj unique restriction sites upstream of the PSM Ik 
promoter region (PSMlk). leader secpience and intron (intron) derived from 
the \)CA \'ector(Prcjmega). the green fluorescent protein gene ((;KP) and 3' 
secjiuMices deri\'ed from the bovine growth hormone gene (bCHpA). A 
selection of useful restriction eiizvme sites are shown; uniciiu^ restricdion 
enzvuK^ sites are shown in bold. 
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l i<j,uni 2. L(K.,iti(jii uf cIoihmI 1\SM eniiaiicer fragmonts: the map sliows tin 
location ol the chjiiod (;nhanc;er Iraginents within intr(;ii 3 of tlie PSM gene. 
Base nuniheis (C;(;nl)aiik Aceession No. AFU07544) are indicated lor tlie 
iKuindaries of nitron 3 and lor the ends of the cloned segments I'he locati 
of the restriction sites Snial (Sinj. IlinDIII (H) and Spel (Sp) within the nitron 
are shown. The arrows indicate the orientation of the cloned secpiences 
within the pPS\Ientra]:i vector (see Figure 3). The right hand end of the 
enhance! clone #1 is shown as a stippled bo.x since this end ol the clone has 
undergone reai rangeinent ; 'i'he Sinal, HmDlJI and Spel sites are present in all 
three (doiied regions. 



I'igurn .3. Promoter aiui enhancer ins(!rts in pI^SMentraj): The positions of 
the PSM Ikb promoter region and flanking restrictions sites in pPSMentraj) 

ir> are shown on the top line. To the right of the jjiomoter sequences are the 
leader sequence and chimeric intron and GFP reporter gene. Below are 
shown maps of clones containing the En3 and En4 inserts. The sequences are 
in opposite orientation (note order of HinDIII and Spel sites). Restriction sites 
are ahbre\'iated as folluws: 

20 m Bglll E EcoRI H flmnill K KpnJ M Mfel X Xsil 
Nil Nhel P PstI S Sail Sp Sj)el X Xhal 

Figure 4. Promoter and enhancer inserts in pCAT3SAT. Maps show the 
positions of the PSM 1 kb picMiioter. PSM En4 and the RSV promoter and 
2r> their flanking restriction enzvnie sites. To the right of the promoters is the 

leader sequence and chimeric iiitrou and CAT reporter gene as present in the 
Promega pCAT3 Basic vector. Restriction enzyme sites are abbreviated as 
follows: 

B2 Bglll Bz BstZI K FcoRI H HinlJllI K Kpnl M Mfel 
-"^Ili'l -N' Nsil Nh Nhel P PstI S Sail Sc Sa<;I 
Sill Smal Sp Spel X Xlial Xh Xhol 

Figure 5. Relative CAT ex{)r(!ssion directed b\- the PSM Fiihancer4 PSM 1 k 
promot.-r. Following transter tion of pPSMlk-C3S (jr i)Fn4PSM 1 k-CJ3S into the 
3n cell lines indicated normalised expression levels were determined for each 
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construct and arc expressed relativti to thai determined from translection ol 
the pKS\'-t;3S plasmid. 

Figure 0. Promoter antl enhancer inserts m pGLS. Maps show the position 
and flankinti restriction enzvine sites of the PSM ikh promoter (shaded 
boxes). PSM enhancer Irat^ments (sohd boxes] and the RS\' promoter 
(diagonal shadinu) in tlie diffenMit cfinstntrt.s prejiared in tli<.> jiGL3 vector. To 
the right of the region sliown is tlic leader and chimeric intion and luciforase 
reporter gene of the pGL3 vector. PEN4PSM lk-GL3 and pEn3PSmlk-GL3 
contain sequences of enliancer clones #4 and #3 respectively as shown in 
Figure 2. pEn3 + 4PSMlk-GL3 contains PSM enhancer sequences 
encompassing bases 14.045 to 1G.5 75 (see Figure 2). POveriap3.4aPSMlk-GL3 
and pr)verlap3.4bPSMlk-GL3 contain enhancer sequences from bases 14.760 
to 15.804. the a and b constructs containing the euhancor sequences in 
15 opposite orientations as indicated by the position of the HinDIII and Spel 
sites. Restriction enzyme sites are abbreviated as follows: 
A Apol B2 Bglll Bz BstZI E EcoRI Eo EcoOlOQl H HinDIII 
K Kpnl M Mfcl Ml Mlul N Nsil Nh Xhel Nl Noll 
P PstI RV EcoRV S Sail Sc Sad Sc2 Sacll Sm Smal 

20 Sp Spel X Xbal Xh Xhol 

Figure 7. Relative luciferase expression of PSM enhancer/promoter 
constructs in the pGL3 vector. Mixtures of luciferase reporter plasmids (1.5 
Mg) and the normalising plasmid pRSV-CAT (1 ^g) were transfected into 
25 different cell lines as shown. Normalised luciferase expression was 

determined and activity of the different plasmids expressed relative to the 
iKJinidlised expression from pRSV-GL3 Numbers above the columns indicate 
the relative enhancement of activity compared with expression from the PSM 
I)romoter aloiu! construct. pPSMlk-GL3. 
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Figure », PSM enhancer constructs witli other promoters. Maps show the 
positions and flanking restriction enzvme sites of the PSM enhancer 
sequences (En4. solid boxes), and jjiomoters from the PSA (diagonal {)attern) 
prcjbasin (vtntical pattern) and Ihvmidine kinase (horizontal pattern) genes. 
To the right of the iiromotors is tlie CAT reporter gene of the pCATSAT 
vector. R(!Sfriction (uizynif! sites arf! abbreviated as follows: 



li lianiHl H2 Bull] K KcoRJ n IlinDIII X Xsil P l's1l 
-'^'ill Sin Sinal Sp Sjjcl X Xbal 

ri^iire {) Relative! oiihaiiceuuMit of het(!rolog(Jus promoters bv PSM l-:]i4. 

a. Prostate cell lines 

b. Xon-prostate cell lines 

The different jjronioter and enhancer constructs were transfected into cell 
lines as shown and CAT reporter gene expression normalised against SAT 
expression determined. Activiti(;s are exiiiessed as a jjercenlage of the 
normalised expression of pRSX'-CAT. Xumbers above the columns indicate! 
the relative enhancement of activity comjiared with expression from the 
respective promoter alone constructs. An * indicates that expression levels 
were too low to determine a ratio. 

Figure 10 Effect of androgen on enhancement of heterologous {nomoters by 
PSM En4. Plasmids containing the different enhancer/promoter combinations 
as indicated below the graph were transfected into LXCaP cells that were 
maintained in medium that had been charcoal stripped to remove androgens 
or in equivalent medium to which the non-melabolizable androgen analogue 
R1881 had been added to 0.28 nM. 'I'lie presence uv absence of androgen [s 
also indicated (- or +) below the graph. Activities weie detormined and 
expressed as described in Figure 9. 

DF I AIFFD DFSCRIPI IOX OF I HE INVEN'I'IOX 

Isolation of PSMA gene enhancer sequences. 

Analyses of the region upstream and encompassing the transription 
start site of the PSMA gene (40) has shown that a ikb region directs 
expression of reporter genes in the prostate cell line ENCaP. This expressif>n 
slunvs sjx'cificity for piostate cells when ccMnjiared to that du'ected by the 
SV40 enhancei/pronKjter. Expr(!ssion in EXCaP cells was abcnit 75% of that 
directed bv the SV40 enhancer/promoter. Comparison with another widelv 
exf)ressed [iromoter. that of the Rous sarcoma virus (RSV) has indicated that 
the SV40 eiihancer/piomot.ir is only very weaklv active;. < J"„ of RSV af:tivilv. 
ill EXCaP cells (unpublished data). We liave cloned regions encompassing up 
to Ukb of sequences 5' to the PS\E\ transcription start site and tested their 
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abilitv 1u })ruvi(K^ increased i epoi ter tit.Mi.. ex{jressi()n; no increased activitv 
w.is seen lelatixt; to tlie 1 kb proniolei' region. 

A strategy was develojjed to allow screening of DXA Iragnients lor 
their abilitv to enliance transcriijtion directed by the 1 kb proximal promoter 
legicn of the PSMA gene. The 1 kb i)romoter was cloned m front of the Green 
KhKMPscent Protein (GFP) gene in the plasmid vector pPSMentiap slunvn in 
Figure I. Ipstream of the jiromotiM was inserted a jiolylinker region 
rontaining sites for cloning candidate fragments. 

pPSMentiap contains the following elements: a polylinker containing 
restriction sites for the enzymes Kpnl. Hindlll. Sail. Mfel. Xsil. Bgll. Nhel" 
and Spel. the PSMA promoter region stretching from base 1386 base 25G0 
(Xbal sitej ot the PSi\L-\ sequence (Genbank Accession No. AFUU7544), a 
chimeric intron as contained in the pCl vector (Promega ), the GFP gene, the 
3- end i)olyadenylation signal from tlie bovine growth hormone gene and the 
jjlasmid backbone (including ampicillin resistance gene and origin of 
replication) from the pCl vector. 

A library of DNA sequences was prepared by digesting the 
bacteriophage Pi cosmid Pi (583 which contains the 5' half and upstream 
flanking sequence of tlio PSNL\ gene (40]. Cosmid DNA was digested for 
various of times with tlie enzyme TspoOgi which cuts at A/\'I"r sites 
generating a range of partial digestion products. These were separated by 
agarose gel electrophoresis and fragments m the size range 1 to 2 kb 
recovered and cloned into the Mfel site of the pPSMentrap vector. A library 
of about 600 individual clones was picked. Clones were grouped into 12 
pools of 49 and DNA prepared from each pool using Qiagen columns and 
protocols. DNA (2 5 mg) from each pool was transfectcd into LNCaP cells in 
3.,^ cm dishes as previously described (1). After 48 to 72 hours, cell cultures 
\vere examined under a W nuorescence microscope lu identifv any 
fluorescing cells. Positive pools were split into 7 by 7 matric(>s an, I DNA 
I)reparations made from the 7 clones in each row and eHch mlumii. The 
iiansf(u;iions were repeated to identily positive sub-j)oo!s. CJloncs at the 
intersections of positive rows and columns were further screened 
individually to verify the expression of GFP. The three clones giving \hv. 
strongest signals. #1. #3 and #4 were taken for further analysi's. 

F.ocatioii and sequenco analysis of onliancing fragmenLs 
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Th" in.s(!il.s fniin th.' clonns went ic-cIoiimi] into pHlu';s(:rii)tSK - 
([ilUsSKn.-j and pHKSKn4j ,ind th(! SLMjucMiccs of tlici] (muIs tlcteiiniuod. All 
fdones wen; iound lo oi iginate lium the third intiun ol the PSMA gene as 
sliou-ii in Figure 2. The positions of both ends of clones #3 and #4 were 
identified as sliown. The inserts in clones #3 and #4 were aligned in 
opposite orientations relative to the PSM promoter in the j^PSMentraj^ vector 
as shown in Figuie 3. 'I'he clones share a comnion o\-erlapping sequence of 
1044 bp and extend in total over 2.530 bp. The third rdone. #1. derived from 
the same region, one end ijeing (3 bp upstream of the end of clone #4 and it 
als,j contained the Spel and HinlJIII sites contained in the region common to 
v.lniu'.s #3 and #4 It had. however, undergone scjine rearrangement on 
(.lolling and has not Ikhmi further sludied. 



1,'5 



20 



25 



35 



Fiinciion ofPSMA enhancer region 

The activity of the PS.\L-\ enliancer region was first identified bv visual 
inspection of fluorescence intensitv of cells transfectod with clones carrying 
PSM/\gene inserts upstream of the PSM promoter. In these preliminary 
experiiiKMits it was also noted that the enhancer (clone #4J did not appear to 
function in the bladder cell line BL13 (not shownj. In order to provide for 
quantitative tleterniination of promoter and enhancer function, enhancers #3 
and #4 (hereafter designated Fn3 and Fn4) in combination with the PSM Jkh 
l)romol(;r were re-cloned into two different gene expression reporter svstems. 

Expression assayed in the pC:A'I'3SAT system 

The pCAT3SAT vector contains a modified bacterial chloramphenicol 
acetyl transferase reporter gene for determining promoter activity and a 
reference reporter gene, serine acetvl transferase, under the control of the 
RS\- promoter in order to standardise CAT expression for transfection 
efficiencv. It was jjiepared hv cloning the serine a(-et\-l tninsf erase rojiorter 
gen.; Innn the pCA'l'SA'l' j)lasmid [ Ij as a Sall/I^amlll fragment into Bamlll. 
Sal! cut p(:AT3 vector (Pi(jniega) ( ifmstructs. jiPSMlk-CSS <uid pEn4PSMlk- 
(;3S. containing the PSM promoter with r)r without the PSM (uihancer 
fnignuMit 4 (Kii4) weie i)re})ared hv cloning the PSM enhanc(M- prc;mot(u' 
Iragments as Sall/PstI fragments frcnn the pPSMentrap vector into pCAT3SAT 
cut at the Xhol and Psll sites in the polvliiiker upstream of the CAT gene 
(Figure 4). A control construct containing the RSV promoter. pRSV-C3S. was 
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alscj prepared b\- blunt eiui liquation of a Xael to Sad Iramnont from 
pCATSAl^ (1) into the Xhel site of pCAT3SAT (Figure 4). Cell lines \ver(^ 
transfectecl witii the different constructs and CAT and SAT acti\'ities 
determined after 48 h as d escribed (1). The normalised expression data are 
shown in Figure 5. 

In lAX^aP cells an enhancement of expression of approximately 50 fold 
(trcMU 0,33^^) to I5.7"A. of the activity of the RSV promoter] was seen when the 
Fn4 fragment was present upstream of the 1 kb PSM promoter. This 
expression sho\ved a high level of specificity for LNCaP cells that express 
PSNL^\. Another prostate cell line, PC3. showed very low levels of expression 
from the PSM promoter eitlier in the presence or absence of tlie enliancer. 
No expression above background was seen for three non-prostate cell lines 
(MCF-7. a breast cancer line, human embrvonic kidnev cells fHEK293] and 
the li\-er line IIepG2). Low and \^ariable expression was seen in a second 
breast cancer cell line T47-D2. with the enhancer/promoter construct 
showing about 10% of the activity seen in LNCaP cells. 

Kxpression assayed in the luciferase pGL3 system 

Because of the low activity of the PSM Ikb promoter in the CAT assay 
swstem. promoter and enhancer sequences were cloned into the pGL3 vector 
[Promegaj which contains the luciferase reporter gene. The structure of the 
clones is shown in Figure 6. pPSMlk-GL3 and pEn4PSM lk-GL3 were 
prepared by cloning Kpnl to Xbal fragments from pPSMlk-C3S and 
pEn4PSMlk-C3S respectively into pGLS cut with Kpnl and Nhel. 
j)En3PSMlk-GL3 was prepared by cloning the Kpnl to Nhel enhancer 
fraqn^eiU of pFn3PSMentrap into pFn4PSMl k-GF3 cut with Kpnl and NheF 
To assay activity, mixtures of each pGL3 construct and the reference plasmid 
})KS\'CAd^ (1) were transfected into a variety of cell lines bv standard 
j)]ocodures as described previously (1). DNA concentrations were determined 

nnage anaivsis of ethidium bromide stained gels and master mixes 
prejjared in the ratio of 1.5 |.tg of pGL3 construct to 1 |.ig of pRSVCAl\ The 
same master mixes were used for transfections into all cell lines. Cells were 
tiansie{:ted with 2.5 ^ig of DNA mixes using standard procedures (1) and 
(?xpr(\ssioii assaved after 48 hi. Extracts were prejoared and luciferase actndtv 
(letfM-mined using the Luciferase Assav Svstem (Proinega) CAl^ activities 
wpi'f^ determined as pre\'iousiv desci'ibed. Luciferase (^xpif^ssion levels w(M-f^ 
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standaulised with resp,.:! to tlu; pKSX'CAT rdm-..,u:e phisnud and tliru 
<^laiulardised activities u-xjji f.'ss(;d as a proportion of that of pRSX"- 
C;i.3 pRSXTJ.-VJ- (Viiiun, 7j. 

In L.XCaP cells oxpressujn from the PSM Ik jJioinotcn ^vas stroii'dv 
enhanced by botli En3 and Kn4 enhancer soqnence-s (about 26U fold) with 
expression levels directed bv pEn3PSMlk and pEn4PSMlk beiiio 15 and 
15.7",, that of the KSX' jMonioter. In the non-PSXLA-expressm.y prostate cell 
line PC3 a low level of enhancement {3.7 and 5.2 fold Am En3 and En4 
resj.ectivelv) was seen, while there was no enhancer function in the other 
non-(>xpn^ssiim prostate line, Dri4.-, Eor a range oi non-prostate cell lines 
tested. HepG2 liver c.dls. MRCf, ,nimarv lung fibroblasts. BL13 bladder 
':ar< inoma and human (.■nibryomc kidney lIEK2y3 cells, essentiallv no 
nctix itv was seen for the PSMA enhancer ,,romote, or jjromoter alone 
<:onstructs. Activitv is thus highly specific lor the expressing prostate cell 
line LNCaP with partial enhancer function in one non-expressing prostate 
cell line PC-3. 
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Charactorisalion of llio onhancer element 

To determine the extcMit of secpiences re(iuin:d to pro^-ide enha,u:er 
n- tivitv a construct was prepared that contained all the sequences 
encompassed by clones En3 and En4 as well as constructs containiim the 
ox erlapping region juesent in both cones (see Eigure 6). pEii3 + 4PSM lk-GL3 
^vas prepared by cloning a Kpiil to Ndel restriction fragment iron. pBKSEi,3 
into pEn4PSM]k-GL3 cut with Kpnl and Ndel. Clone pOverla].en3/4a .vas 
])repared by cloning the Sail to HmDIII fragment from pEn3PSMentiap into 
I^Bluescrij)tSK + . subsequently cloning the Hindlll fragment from 
pEn4PSMentrap into the IIinDIII site of the intermediate vector and verifv.iig 
that It was in the correct orientation The overlapping enhancer fragnuuit" was 
tlien clnned as a Kpnl to EcoRI fragment in front of the PSM ikb j,romotnr in 
plVSMJk- c;E3 cvit with Kj^iil and EcoRl. A construct with the overlappiuR 
region in the o,,posite orientation relative to the PSM promoter was likewise 
i)iopaied bv first clomng the Sail to HinDIII fragment from pEn4PSMentrap 
into pJ3lu.^scriptSK+ fnlknved bv the HinDIII fragment from pEn3PSMentrap 
and then cloning the overlap n.gion in front of the PSM promoter as a Kpnl to 
EcoRI fragment. 
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Tlu.' enectiveuuss oi' these consfructs was coinj)arecl with that of th(> 
PSMlk promoter ahjne and the Kn4 PSMlk promoter bv translection (as 
abo^•e) into LXCaP cells. Clones containing either orientation of the overlap 
region gave rise to expression levels snnilar to those containing En 4 
seciueiices. The constrnct containing the whole region encompassed l)v 
enhancers 3 and 4. howcn^^r. gave sigmficantlv stronger exj^ession. The lev*; 
of exi)n>ssion was abo„t half thai of the RS\- prumotei. 

PSMA enhancer action on other promoters 

The properties of the enhancer were fm ther assessed by linking it to 
other promoters, both those active primarily in prostate cells. PSA and 
probasui, and a non-tissvie-specific promoter, that of the herpesvirus 
thymidine kinase gene fTK). The structures of these promote, regions are 
siiown m I'lguie 8. For the 1\SA and probasiii constructs the enhancer region, 
En4. was cloned as an Nhel fragment from the pEn4PSMlk-C3S plasmid into 
the Xbal-cut plasmids pPSA630 CATSAT and pPb430 CATSAT respectively 
(by partial digestion with Xbal for the probasin construct). pPSABSOCATSAT 
and ]3Pb430 CATSAT have been described previously ( 1). I he plasmid 
pTKCATSAT. 1 was prepared by cloning the TK promoter region, bases -101 
fo +59. as a Sail to Xhol fragment into the Sall-cut vector pCATSAT. 1 
(l.KpCATSAT. 1 is a derivative of pCATSAT (1> in which Sail. PstI and Xhol 
sites present upstream of the RSV promoter were removed or destroyed by 
Xhol and partial Sail digestion and leHgation]. pEn4TKCATSAT was 
prepared by cloning the Sail to Bglll enhancer-containing fragment from 
pEn4PSMentiap into pTKCATSAT 1 cut with Sail and partiallv rut with 
BamHI. 

All six plasmids were transiected into a numbei- of Cell lines and CAT 
and SAT rejjortcr gene expression determined as described (1). Expression 
levels were standardised .igainst that of the RSV promoter determined by 
fransfection of a stan-lard mixture of pRSVCAT and pRS\'SAT plasmids as 
described (1). Results are shown in Figure 9d & b. 

In ENCaP cells strong enhancement of the PSA, probasin and TK 
I»n)nioters was seen, with that for probasin being strongest. Eevels of 
exjjression for all enhancer constructs wcue 2 to 3 times that of the RS\' 
F'ionioter. Since; all pnnunUus achieved similar levels of exp.ession in the 
prnseiH.e of th*; enhancer the ••fold-enhaiu;emenf shown probablv reflects 



dilUuvncvs 111 th.; levfd ol iion-Hnhance.l nxj)r.>.ssi(jn Inun tlu- (liffeiont 
[)]f )m'.it''is. 

In 1^C3 prostate crelLs. ;vhich do not oxpwss I'SXLA. much reduced 
•■nhanc.nient was seen, boiug 5 to Jfi fold for the different promoters. This is 
similar t<; tlie results sc-en when th(- o„han( or was joined with its own PSM 
promoter. Thus it appears that PC3 cells contain some factors that can 
interact with the PSM enhancer to activate transcription, but lack others, or 
do not have sufficient levels, to enable lull enhancer function as is seen in 
LXC:aP cells. 

For the non-prostate ....dl lines, no enhancement was seen m HepG2 
hver or HL13 bladder cells. Knhanceinent was seen in the embryonic kidnev 
HEK-y,3 ccdls. how level (Mihanc-menl (1.4. 1.5 fold) was seen for the PSA 
and TK promoters, while there was a stronger!! fold enhancement of the 
l^robasm promoter. No enhancement bv EiU of its homologous PSM promoter 
15 was seen .11 HKK2y3 cells (Figure 7) Since the proximal kidney tubules are a 
site ol low level PSMA e.xpression. the e.xpression seen in HEK293 cells may 
ije biologically meaningful. 



PSM Kiihancer Function Does not Rt-quire Androgons 

Tlie androge;n leciuirement for activity of the PSM enhancer (En4] was 
studied ^vhcn it was linked to two highlv androgen-inducible promoters, 
those of the probasm and PSA genes and one c.Jiistitutive promoter. TK. 
FNCaP cells were transfected with plasmid constructs using media that had 
I»->en (diarcoal stripj.ed U> remove androg.^ns. Cells were maintained m 
cndrogen-free medium or incubated in the presence of the non-metabolizable 
androgen analogue. RI88I added to 0.28 iiM (l).For all promoters strong 
enhancement of expression was seen whether or not androgen was present in 
the nun-limn. Ilowex ei . for all three constructs containing the PSM enhancer 
the level of expression actuallv decreased upon androgen addition This 
sugg..sts that tli(> enhancer mav contain sequences mediating the observed 
androg(;n-sui){)ression of the endogenous PSMA gene. 

II will be apiueciated bv persons skilled in the art that numerous 
^•ariations and/or modifications mav be made to the invention as shown m 
the spec. lie embodiments without departing ironi the spirit or scope of the 
invention as broadlv described. The present embodiments are, therefore, to 
be considered in all respects as illustrative and not restrictive. 
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